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It is now several years since the desei-tption of bracing, 
chiefly dwelt upon in the following pages, suggested itself 
to the author ; and he was surpi-iaed to find that a method 
of such simplicity and evident excellence should have been 
employed in only a few unimportant instances, and, in the 
majority of thesBj in a mixed or not very evident way.* 

* The first Kxaoiple tbat ia tikdy to dccur to t)te reader b that of the spaa- 
drils of Southwark Bridge, but the arch, from ita coaBtcDction and depA of mate^ 
lul, is qiute iadependent of additional bracing, and tlie tae of the hsaiges of the 
■pandrila ia merely to connect the arch with the roadnay: ttins, the Sunderland 
bridge, whiuli ia of nearly the same span, and of greater rise, and composed of 
voDsaidra of less depth and inferior cbaractei for rigidity, ie, nevertheless, with- 
out apaadril brai:ing. 

A design aomawhat similar (o t!ia almve, represented by flgnre 19, is BOme- 
times used for engiae-sbafls, &k., and its bnidiig power is, in such eases, brougbt 

Another, ond, though iuBigmfleant, aeemingly a very ciear application of the 
method, is that employed to brace the timnsyerae pipes between the main-chaioB 
of the Menai Bridge. 

But the moat decided caaa of ita employment, in its siinpleat form, which 
the antbor baa met with, ia that dgured in the March part of "The Builder'' of 
the present year (page IDO, vol. viii-), it is the wrougltt-iron roof over the Stras- 
liarg Railway Station at Paris. 

Town's Lattice Bridge depends, no doubt, for its alrength upon the method, 
but presents an example of it in a very compoand state, and which might baie 
been adopted without a knowledge of the efficiency of the method in its simplest 
form. C*^eure22.) 



Tliifl uaturally led Iiim to iiivestignte ita qualiticatigns, aud 
it waa hia expectation to have had rjpiMrtunitieSj in the 
exei-cise of his profession, of making practical aac and 
eseraplification of the results. Such opportnuities, however, 
not having as yet occurred, he adopts the less congenial 
means of the pen to place hia investigations in such a posi- 
tion that they may he capable of becoming useful. In these 
investigations the simpler geometrical processes have been 
preferred to those of a more abstruse character. 

The first draft of the work was strictly confined to the 
particular kind of bracing above referred to, which may be 
appropriately named the duuhh acting or triangular method ; 
but, upon after consideration, the plan has been somewhat 
extended, as it was judged that a few moderate additions 
would render the work more useful, and better fitted, though 
very imperfectly, to supply an important desideratum in the 
library of the engineer. 

For digniij-ing the little work with the title of " A 
Treatise on Bracing," it is offered as an explanation, that, 
though devoted almost exclusively to one method, the re- 
sults obtained may he easily applied to all other varieties, 
with the exception q{ plak-hraciug. Thia last kind, indeed, 
is of so peculiar a nature, that a completely difterent process 
must be employed to elucidate its action : probably, tlie 
results of experiment must be principally depended upon to 
give na correct ideas of its capabilities. 

As bridges are the stnictures in which bracing is moat 
extensively employed, much will be said of them ; but, as 
the intention is merely to explain itw iippli cation, tliosc parts 
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which either influence, or are influenced by, the character of 
the bracing, alone come strictly within the scope of this 
treatise. In a few instances the author may have gone be- 
yond this intention, in the belief that the space so employed 
would not be deemed by the reader unprofitable. 

In conclusion, the writer begs to say, that in launching 
his little bark upon the seas of publicity, he is not expec- 
tant of its passing triumphantly through the testing billows 
of criticism; these may disclose many deficiencies in its 
structure, with some of which, however, its architect is 
already acquainted, but the first vessel built upon a new 
principle, is always, in some degree, experimental, aiding 
man to construct in the future a perfect one of the same 
class. Seldom, upon a new subject, was a volume ever 
published that had not to undergo many changes and en- 
largements ere it ranked as a standard. 



Edinburgh, November 1860. 
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THEATISE ON BRACING. 



INTRODUCTOKT CHAPTER. 

DEFINITIONS. 

It is necessary to state bere the sense in which several 
terms will he employed ; as it has heen found expedient to 
restrict the meaning in most cases, thus rendering the words 
so much the more precise. 

When a construction is so fi-amed, that, under the action 
of any arrangement of forces, the angles cannot alter, nor 
therefore the shape, it is described as a cotnphlely brttced, or 
simply a hraced, structure. 

When a fabric is adapted to retain its shape under the 
action of a force, applied in one direction only, it is said to 
he only partially braced, or braced sufficiently for the cir- 
cumstances ; as in the case of the simple roof, Figure 2. 

When the externa! figure of the structure ia not, ot 
itself, such as to ensure the retention of its form (i'. «. when 
not a triangle), the addition to effect this is called the 
hracing, and each piece is named a strut^ a tie, or a brace, 
according to the office it performs. 

When a part is only required and adapted to resist com- 
pression, it ia called a STRUT ;* and in the diagrams of this 
work, when it can conveniently be done, will be represented 
by two lines, as shewn by a, Figure 1. 



2 bEFlNITJONlS. 

When a part is onlj required and adapted to act against 
a force of tension, it is called a tie-beam, tie-piece, tie-bar, 
or simply a tie ; and will te represented \iy a single strong 
line, as b. 

When a part is required and adapted to act hoth as a 
strut and a tie, it is called a douLle-acting piece, complete 
brace, or simply a brace; and will be represented by two- 
lines, as for a strut, with the addition of a central stronger 
one, as for a tie ; this is shewn by c. 

When the parts of a braced figure are so long as to be 
in danger of bending, and this is prevented by certain addi- 
tions, these arc called, collectively, the h-ussing ; and the 
beams so stiffened are said to be trussed; the whole figure 
80 treated, when it does not reqiiire bracing, is called a truss. 
Thus, Figure 2 represents a simple roof trass ; the additional 
parts cf,fd, and/6, constitute the trussing, and they truss or 
stiffen the pieces ae, ec, and a c, respectively. 

The term pressure, consistently with the practice of 
eminent writers, is used to signify statical force, either of a 
compressive or tensive character. 

BRACED FORMS. 

As a foundation from which to commence, we assiuue 
the following propositions ; — 



Prop. I. In a triangle, an angle cannot increase or 
diminish, without the opposite aide also increasing or dimi- 
nishing. 

Peop. II. Wlien the angles of a figure are unchange- 
able, the shape is unchangeable, and, therefore, the figure 
is completely braced. 

The converse of each of these is also tnif. 
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A triangu/ar stnicture (Figum 3), having aides that arc 
unchangeable {by I. and II.), ia a completely braced form. 

If a quadralateral figure (Figure 4) alter its ahape {by 
neg. conv. of II.), the anglea alter, and, as the anm of tlie 
angles must be equal to four right anglea, they cannot all 
increase or all diminiah, therefore {considering the diagonals 
as third sides of triangles, by I.) the diagonals muat one 
e and the other decrease. And hence — 
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TJte above forma are the elementa of all thorouglily 
braced atraetures. They are of an insulated character. But 
there are certain naodifications of them which depend upon 
external resistances ; theae may be either partially or com- 
pletely braced, according aa their parts ai-e capable of acting 
in one or two capacities. The figures 8-11 represent aome 
of these ; figure 11 is an extreme of figure 8, one of the legs 
becoming horizontal — it cannot transmit any vertical pres- 
sure to ita abutment. 

There are several forms, frequently employed, which are 
not sufficiently braced, though very considerable stifl^nesa 
may be produced in them, but only by the use of csccaaively 
thick parts. To save time in deacribing these and their 
defects, we have given three aeriea of diagrams in Figures 
12, 13, and 14. The first of each, marked A, is a sketch of 
tlie objectionable structure ; the second, B, represents, in an 
(ixaggcratcd manner, the effects resulting from a weight 
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radii of curvature. It" we prevent these changes, hy the 
insertion of strut-pieces hetween the apices, as seen in 
Figures 25, 26, &c., a braced structure will be produced. 
And when the braces are applied beneath, or when the 
upper beam is considered as the braced member, the inter- 
vals between the apices, on the addition of weights, would 
tend to increase, which must therefore be counteracted by 
the application of tiea, as seen in Figure 27. 

The action of braciug vtpoajl&ttble arches, when viewed 
in this manner, becomes very evident ; and, as this is one 
of its moat important applications, it deserves particular 
consideration. In Figure 28, P a Q represents a flexible 
arch. When a load is placed on the crown, that, of course, 
is flattened and depressed, and the haunches are raised 
and further bent ; and when the weights are placed on the 
haunciies, opposite motions and effects ensue. Now, the 
arch may be broken in two ways, either from being so 
unequally loaded that a part of it is ruptured by being too 
raucli bent, or, when the arch is so braced as to be retained 
in its proper form, it is crashed by the pressures transmitted 
along it : the load required to destroy the arch in the latter 
manner Is very much greater tlian is sufficient in the former ; 
hence the great utility of bracing the flexible arc!i. 



In investigating the application of bracing to a great 
vaiiety of structures, the work will be much simplified by 
arranging them into different classes, tliough one class may, 
iji reality, be but tlie extreme of another. Adopting this 
plan, and commencing with the simplest forms— 



The First Class that claims our attention is thw 
cemplified by Figure 29, being two pnralM beams will 
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the bracing between them, the whole acting as a girder. 
Tliis, with the triangular bracing, ia an excellent design 
for bridgea, and alao for the longitudinal framings of roofs, 
ateamboats, &c., and for scaffolding and other framings. 

The Second Class comprehends all stnicturea that act 
on the girder principle, but which have not the longitadinal 
beams parallel. The designs shewn by Figures 30 to 34 
are included in this class. In the first division of these, viz., 
30-32, though less material may be required than by figure 
29, that advantage will sometiraea be more than counter- 
balanced by the increased difficulty of execution. The 
second division, comprehending Figures 33 and 34, con- 
sista of atructures not requiring hracing, as that ia defined 
at page 1 ; the external form, without addition, being a 
braced one; but, when large, they require trussing, and 
though they do not, therefore, come strictly within tlie pro- 
vince of this treatise, yet, as fhc simplest form of trussing 
that can be introduced is exactly that of the aimpleat bracing, 
with this difference, that the parts are required to act in 
only one capacity, we may be excused for introducing them. 
Figure 33 is a design now much used for iron roofa : the 
reverse of this, shewn by Figure 34, is an excellent design 
for a rigid suspension bridge. The author has never seen the 
latter employed with more than three supported points. Of 
course, to secure rigidity, the sides of the triangle muat be 
maintained straight lines. 

Tbe Thikd Class. — The stractuies included in this 
class are those which derive their strength from a single 
braced arch. Figures 35 to 42 ai^e examples. These may 
be divided into three sub-classeH— ^j-s/, those having tlv 
bracing aiTanged along the intrados, but which have no 



the arclies tied, as 35 and 36; ae^nd, thoBe which are 
Iji-accd iuteraally, and have the arches tied, as 37 and 38 ; 
and, thlTd, those wliich have the bracing along the extrados, 
aa 39 to 42. 

The Fourth Class consists of arrangements of two 
or more parallel, or nearly parallel, flexible arch^, each 
contributing its share of support, and the whole, by the 
introduction of bracing between them, acting, in a great 
measure, aa a single deep rigid arch — Figures 43 and 44. 



TABLK OF SYMBOLS USED IN THE FOLLOWING PAGES. 

ID = Weight at Civch loaded point of tlie span, 

N = Total number of weights or points. 

W=Nw = Total load. 

« = Distance between the weights or points. 

S — N « = Total length or span. 

P = Pressure acting in a given line, a h — see Figure 45. 

V = The vertical element or component of pressure 

P, = 6 c. 
H = Tlie horizontal element of pressure P, = n e. 
= ^abe = The angle at which the given line, a b, 

13 inclined to the vertical, h c. 
^ = ^hac. = The angle at which the given line, u b, 

is inclined to the horizontal line, a c. 



P = V sec. tf = H sec. ? = Vh" tVi) 

V = -P -:- sec. tf = P. sin. ? = P coa. il = H tan. f. 

11 = P .; 8C(T. <f = P sin. 1 = \ tan. i>. 
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CHATTEK III 



ON THE PEESSITRES THAT MAT BE BRODGHT INTO 
ACTION IN CLASS FIRST. 



The beat process for arriving at the amount of the preasiires 
that may be brought into action in the several parts, will 
be, first, to get the effects produced by each portion of the 
load acparately, and then, to find the maximum strains that 
can be produced by any arrangement of tlie weights ; for 
the strains are not all the greatest when the whole length 
I, of the structure is loaded, as, by removing the weights from 
some of the points, the strains iu some of the braces may, 
it will be seen, be increased. As an example of the method 
pursued in calculating for the results given iu the follow- 
iDg Table, let us investigate the forces arising from one 
weight = w, placed at the point 4 of Figure 46. As the 
support contributed by each pier (from a property of the 
lever) must be inversely as the distance of the weight from 
it, the pier Q wiU support |^ ?c, while the other pier, P, 
BUppoits the remaining portion of the weight, -jS^ w. The 
vertical pressm'e, |^ w, has therefore to be transmitted, 
through the bracing, to the pier Q; the real pressui*, P, 
induced in the brace b vnM therefore be = |^ w. sec. ^j 5 B, 
= ^^ w. sec. 6, and by means of that brace, the vertical 
L dement, V = {^ w, is impressed on the point k. This point 
I fliust he borne up by the brace k, which is consequently 
retched with the strain of ^^ ic. sec. 6 ; this is next tranfr* 
nitted through the brace c, and so on, till it is finally ira- i 
I at Q. The other portion of the weight, in like 1 
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manner, causes strains of ^^ w. sec. i, in all the braces from 
tlie point 4 to the pier P, of compression in those which 
are inclined in the same way as brace s, and of tension in 
those inclined in the opposite direction. Proceeding in this 
manner, for each weight, we obtain the qnantitiee marked 
against each brace in Figure 47, those written on the left 
side of the brace denote the strains of compression, and those 
on the right the strains of extension, which take place in 
the brace when the bridge is nniformly loaded, each number 
being the co-efficient of ^. sec. 6 ; of course when two oppo- 
site pressures would act in a brace, the resulting strain, in 
the brace, is their difference, thus in brace 5 _;', the strain, 
for a uniform load, is (+ 25 — 16). ,"- sec. 6=^ sec. i, which 
ia + or a compressive strain ; in this way the quantities in 
column second of Table II. are found. But referring again 
to the brace 5 J, we see that the tensive forces are produced 
by the weights 1, 2, 3, and 4 ; consequently, if these be re- 
moved, the full compressive strain, of 25 "^ sec. 6, will act in 
the brace, which is the maximum strain of compression that 
can possibly be induced in it by any disposition of the 
weights : on the other hand, if all the weights, excepting 
those at 1, 2, 3, and 4, be removed, there will be no com- 
pression induced in the brace 5 J, and therefore the total 
tensive sti-ain of 16JJ sec. i, will come into play; and this 
is the maximum of tensive strain that can take place in it : 
in this way the third and fifth columns of the table are cal- 
culated. 

The maximum strains are those we have to attend to in 
fixing the strengths of the braces and of their joints ; tlius, 
in brace w it is a tensive strain we have chiefly to guard 
against, whereas the required tensive strength of the brace b is 
very moderate, but it must be capable of withstanding four 
times as great a compression. 
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FORMULA FOR THE MAXIMUM STRAINS. 



1. 


3. 


S. 4. 
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e. 


^ 


Klltho 
wdglit.in< 


ptetiirc StmiB motrf to jro- 


ing. 
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•I 
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+ 81 
+ 63 
+ 45 
+ 27 
+ 9 


+ 81 
+ 64 
+ 49 
+ 36 
+ 2fi 


Alloa. 
1. 

1,2. 
1, 2, 3. 
1, 2, 3, 4. 


Never any. 

— 1 

— 4 

— 9 

— 36 


All but 1. 

AU but 1, a. 

l',2-,3-,4',5,4. 
l',2',3',4',5. 


u 


— 9 

— 27 

— 45 

— 63 


+ 18 
+ 9 
+ 4 
+ 1 


1',2',3',4,'fi. 
1', 2' 3-, 4', 5, 4. 
All but 2, 1. 
AU but 1. 


— 25 

— 36 

— 49 

— 64 


1, 2, 3, 4. 
i, 2, 3. 

1,2. 
1. 


The Dumbera in the Table are the co-effioientB of JJ. aea S. 
= ^. sec e, here, »b N = 9. 



From the foregoing and similar data, the following for- 
mulfe are deduced, the load being applied ahove : — 

The maximum compreaaion of the last brace (1 Q, figa. 
46 and 47) is — j^ w. sec. i'=^w. sec. S = " sec. 6. 

The maximum tension in m 1, and compression in 2 m 
— 'tst "■■ sec. 6. 

The maximum tension in I 2, and compression in 3 ? 



And putting n to represent the number of the jjoir of 
braces as counted from the pier, along the lower beam, the 

general formula will be ^ - w, sec. i. 

When N is even, the formula for the central pair of 
braces will be (N--)' w. sec, S = ^vj. sec. ^ = * sec. S. 
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51, Further, we observe that the compressions in the upper 
beams of the Figures 50 and 51, are a h and-a e respectively} 
the tension of the lower beam, beneath c, is the same in 
each, and = g c. 

The strains at the centres of the longitudinal beams in 
Figure 49, are the same as for a bridge of class first having 
the same depth as it at the mid-span. Let us compare the 
strains at the extremity of the latter, represented by Figure 

52, with the same of 49, represented by Figure 51. Mak^ J 
ag the same in each, and let it represent y, then ao willl 
measure the compression in the extreme brace; that in 5%m 
ia the least. The tension of the lower teams is measured^ 
by ^ c in each figure, and is greatest in 51. Eesolviug a e 
into the directions c d and ho, cf is the resulting compres- 
sion in the upper beam in each figure, and it is evidently 

, the least in 52. The resulting tension in the hrace cb,'is 
represented by c e in each figure : the comparative amountB 
are shewn in Figure 51 by c « and c «, and c e diminishes as 
the angle acd increases, vanishing as that becomes = 180°. 
The advantages, then, of a design of class second, over 
a similar one of class first having the same deptln at the 
middle, may be stated as reducing the strains in all the 
braces, except the extreme one at each end (which ia rather 
more strained, becoming, in some degree, a continuation of 
the upper beam) — the central ones, however, are little 
altered ; also as reducing the lengths of the braces towards 
the extremities; and as rendering the longitudinal beams 
more uniformly strained throughout their lengths, being 
equally so with class first at the centre, but more so than in 
it at the extremities. In fact, as will afterwards be seen, 
this class is a step towards some forms of class third; it 
becomes identical with them when a n, Figure 49, forms a 
continuation of the cxuve of the upper beam (see Figures 
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37 and 38), or when a pressure is applied at c, in the man- 
ner of an abutment, in the direction cd^ as indicated by the 
dotted arrow. (See Figure 35). 



Though the triangular forms, ahewn by Figures 33 and 
34, as stated in chapter second, ai'e not bracfd, and conse- 
quently do not dejnand oui attention, yet, on account of their 
utility, and the reasons there given, we will introduce them 
here. 

The weight at point 2, Figure 53, must cauae equal 
strains in 1 n and 3 a, as t)ie angles 1 a 2 and 3 a 2 are equal, 
and 1 a and a c form a straight line ; so that half the weight 
2 ia transferred to point 3, and along with tlie weight at 3 
is impresaed on h, tlie total weight, 'y, at b is distribute.d, 
80 that -f ia carried to 1, and '-0 to point 4 (see note at end 
of chapter), the total weight accumulated at point 4 is = 3w,' 
one w being received from each of the points b and d, and 
tiiis is impressed on c, and thence transmitted, equally, to 1 
and 1'. 

Now the rule, derived from a property of the lever, that 
a weight at 2 is upheld by tlie piers, 1 and 1', in the pro- 
portion of 5 to Ij liolds good here; for, tliough in tlie first 
effect of the weight at a only ' is carried to pier 1, yet at each 
succeeding point another fraction will be transmitted to 1, 
by the rod c 1, until we an-i^'C at the lowest point c, where 
the remnant of ', amounting to ', will be equally divided 
between 1 and 1', so that | will be the only poi'tion of the 
weight, w at point 2, which the pier V can receive. 

After what has been said, little explanation of the 
Figures 55 and 56 will be required. In these, for the sake 
of having simpler numbers, the length of the side A C is 
made a multiple of the central depth ^ C. The niimltci's 
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I MTiUlCTUBES. 



(eo-efficients of w) attached to t!ie parts, are calculated onl 
the foregoing principles, and give the real strains or valne»| 
of P, which take place from a uniform loading. In this i 
form of structure, the maximum strains am produced when 
all the weights are on. Of course, when, to serve for a ro(tf i 
or other purpose, the design is inverted, as Figure 57, thai 
strains, with very trifling and evident exceptions,* are i 
the same in degree, but of opposite cliaracter. 



Note. — In Figure 54, a weight at l',=w,=ab, is distri- 
buted thus: — It is resolved into he and hd; and further 
resolving hd, into a horizontal and a vertical pressure, hx 
is the latter, which is, therefore, tlie portion of w, or a 6, 
that the rod b/i receives, and resolving be similarly, we 
get ce, = ax, as the vertical, which represents the portion of 
w borne hy the rod bg. The triangle bxd is evidently 
similar to the triangle a xf, .-.bx i x d= a x : xf, and alter- 
nately, bx : xa = dx : xf. But triangle daf'is similar ti 
g b A, therefore the lines a x and b a, drawn from corresponi 
ing angles, and at right angles with the opposite sidea 
must divide these sides similarly, therefore dx : xf=^ga ; 
and consequently hx : xa=ga : ah. The fact that ( 
weight at b is distributed to k and g in the proportion ( 
ga : ak might have been anticipated from the property 
the lever, 

ga : oA = tan gba : tan fib a. bd — Hie sec. alh 
And 6c = ^10 sec. abg,- the resulting horizontal pressures 
are, of course, the same for each direction, and are dx and 
te = 6(/. sinnJA. 



• Arising from tlic M-dglils beijig on Uie alsnt wdes, inslend of brfng atlaclied 
\. H, uliich would be the trne arrangemont in Figure HO inverted, uid consp- 
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CHAPTER V. 



ON THE PRESSURES THAT MAY BE BROUGHT INTO 
ACTION IN CLASS THIRD. 

We now come to consider the case of a braced flexible 
arcb. The form given to the arcb shouldj tbeoretically, be 
the curve of stability for the fiilly loaded arch (in the inves- 
tigations it is assumed to be this, so that, in tbe internally 
braced arch, no action will be induced in the bracing when 
all the weights are on). This curve, in general, will be 
found to lie between a catenary and a parabola ; but, as the 
quantity of the curve generally used is not great, a circular 
arc may be adopted, as it very nearly coincides for almost 
120° with the theoretical figure : When an ai-ch of a greater 
number of degrees is required, and the structure is of a light 
character, it is generally advisable to use the parabolic form. 
But in a braced arch we may depart considerably from the 
correct curve without much evil : some of the braces might 
require to be made stronger, and a trifling variation would 
take place in the strains of some of the other parts. * 

When the load is uniformly distributed on the arch, 
there is no bracing required, and consequently (if the line 
of pressures remains in the arch*) there is no action induced 
in the bracing. When the load is suspended from the arch 
by means of the braces, of coiu-se there are tensive strains 
produced in them. 

As, in the investigations, the values of to and s are con- 
stant, and the weights of the arch and other parts ai'e not 
considered, the curve of equilibrium will be a parabola, or 

tiOQed at pagf '27. 
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COMPRESSIVE AND TENSIVE MAXIMA 



Table III. gives the results for the various parts, from 
the action of one excentric weight at a. 



TABLE III. 






Vertical elements 
or values of V. 


Real Strains or 
Values of P = 

Vsec. 4 

1 


wa — vertical weight at a 


1.000 


1.000 


a f — resultant to pier P . 


.900 


1.260 


wi rt — a = result, to pier Q 


.100 


.900 


n a =1 value of H of each resultant 

1 




.895 


Pressure in a 5 (measured by a I) 


.300 


.582 


„ in a y (measured by a t) 


.400 


.563 


g u , 




.580 


„ in ah tensive 






— .400 


— .4364 


Resultant 5 Q . 






.100 


.333 


he 










.050 


.255 


hh 








j .150 


.165 


h V 








1 .125 


he 








1 .150 .161 1 


Resultant c Q 








1 .100 .216 


c d 








.034 .173 


e i 








; .066 ! .071 


i w 








1 


.055 


' id 










— .066 


.0726 


Resultant d Q 










.100 


.168 


de 






- 




.075 1 .1455 


dj 




• ; 






.025 I .0273 


jx 










— 


.036 


j^ 










— .025 — .035 1 


Resultant e Q 


. 








.100 .140 


Q^- 










.099 


Q.!/ 










.100 


.100 


Horizontal thrust = n a =^ y z = g u -\- hv -\- iw -\- j x -{• Q,h. 


Ditto - 896 - .680 -|- .125 + .066 + .036 + .099. 



Tables, similar to this, being constructed, one for each 
weight, it is easy to discover by what arrangement of the 
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weiglits a maximum strain iu auy part ia producedj and tlie 
araoimt of that maximum. Thua takbg the brace b h, we 
have produced iu it — 



TABLE IV.* 





EmI Straina, or Values 
of P. 


Values of V. 


„ e 1 — .3674 -) 
„ d\ — .2200 f^ — .etio 
„ „ f\— .0726 ) 


+ 1 
II 11 

+ + 1 i 1 



From Table TV. it is evident that when the weights a 
and h alone are on, there is a maximum compression pro- 
duced in the brace b h, and when these are removed, and the 
other weights c, d, and e, arc placed on the ai-ch, a maximum 
strain of tension takes place of exactly the same amount. 
When all the weights are on (agreeably with a rule pre- 
viously given, since the contour of the arch ia such aa to 
render it equilibrated under the whole load), the compres- 
sive and tenaive strains neutraliae each other, and no effect 
is produced in the brace. 

The maximum compression for any brace is equal to the 
maximum tension for the same : hence, calculating the com- 
pression is sufficient j as the result is the measure of the 
necessary strength to be given to the brace, to resist both 
compression and extension. 

At any point of the arch (e, figure 59) we can easily 

* These vaiues are taken from tablva similar to table tliini, liut It would Iw 
uutera tu gire them here. The Biyii + Indicate! a coiDpreaiivr, and — u teiisivi: 



'UHML*L« FOR THE MAXIMLM 



tiuil, by the lever rule, the value of V for each resultant 
from that point to one of the piers (Q), caused by each of 
the weights (c, b, a) situated at, and to tlie other side of 
the point (it ia .25, .15, and .05); now, the greatest com- 
pound resultant tliall can act in the same line, will evidently 1 
have the value of V in it ec[ual to the sum of the values of ■ 

V above mentioned (thus, .25 + .15 -!- .05 =.45), and its f 
amount will be V multiplied by the secant of its angle with ] 
the vertical (P — .45. sec. "). Having thus the compound 
resultant, in value and direction, all we have to do in order 
to find the maximum strain (= 1.097) in the first brace (c t) 
from the point, is to resolve it into the directions of the 
chord of the arch (c il) and of the brace. But the following 
formulas offer very ready means of calculating the necessary 
strengtlis of the braces, as they give at once the value of 

V for the maximum straui in each. 

The formula for the end pairs of braces (as a r, r b, and 
, / z, z /, of ligure 59) is \l (N-1) ^ '^'- w = V. 

The general formula, putting ti to denote the number of 
the pair aa coimted from the pier, is 

The second column of the following table gives the fi 
mula for each of the fii-st six pairs of any bridge. The la£ 
two columns contain the results for the case of figure 5 
wherein N ^ 10. 

The values of V for the braces are not altered by a 
change of the rise or span of the arch, while N and w 
remain the same : hence having calculated the vertical ele- 
ments for the given value of N (as is done in figures 60 
aud 61), it only remains to multiply each by the particulai 
value of w . sec. S, in order to obtain the strains, or valaef 
of P. 
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STHA1N9 IN THE BIIACES, KTf. 

TABLE V. 



Value of n 
or No. of 
the Pair ut 


Eqiiatiuds for 

thevslueofV, 

a muc in tUs 

Braces. 


ValneaotV 
whan N = 10. 
■u in Fig. 611. 


Values ofP=V.8«. J 

nr Real Stnina for 

Fig- Si), wherein the 

RiseloSpan = l:t75. 


1. 

2. 
3. 
4. 
5. 
6. 


3 (N-3) „ 
2N 

2N 

■5 (N-5) „, 

2N 
6 (N-6) „ 

2N 


0.45 k. 
0.80 w 
1.05 10 
1.20 lo 
1.25 10 
1.20(0 


U .- = 0.702 10 
\r S = 0.496io 

(i » = 0.882io 
\i c = 0.836i» 
Jc 1=1.097 10 
^I i< = 1.085io 

f<i« = 1.240io 
^« e=1.235io 

fe f= 1.286 lo 
It. /= 1.286 10 

ff 10 = 1.2.1510 
ti»S = 1.240io 



Each weiglit produces compression throughout the arch, 
therefore the compression will be a maximum when all the 
weights are on. The vertical element of the compression at 
the Bpringing or foot will evidently be the half load: and 
for any point, it will be half the load above the level of that 
point. Of course, the real compression at any point in the 
arch is = the vertical element multiplied by the secant of 9 
there. 

It is scarcely necessary to mention the well-known tact 
that the horizontal element is, for an equilibrating load, 
uniform throughout;* and that the horizontal thrust for 
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ADVANTAGES UK FIGCBK 40. 



the wholly loaded arch, is the measure of the maximiun 
compression of the arch at tlie crown. 

The strain in the lower heam, when it acts as a tie to 
the arch, is greatest when all the weights are on ; the ten- 
sion is then uniform throughout tlie length, and equal to 
the horizontal thrust of the arch, or to the compression in 
the arch at the crown. 

When the lower beam does not act as a tie* to the arch, 
but simply as an adjunct to the bracing, it undergoes, 
principally, compressive strains, and these are rendered a 
maximum tor one half length of the beam, when the weights 
above that half are removed. Under such a loading, the 
compressive pressures in the lower beam increase as they 
approach the pier at the unloaded aide, where the compres- 
sion may amount to about one half the value of the hori- 
zontal thruflt for the wholly loaded arch. (See Note.) 



Scholium. — Reviewing what has been said, we observe 
that in class tirat the strains in the braces increase towards 
the extremities, and that there, for the same brace, the ten- 
sive and compressive maxima are very different in value ; 
whereas in the form treated of above (figures 59, iSc), the 
central braces are those most strained, and every brace has 
its compressive and tensive maxima equal. Now, there is 
an intermediate form between these two, and its parts will 



made at any part of Ibu span througb tha arch, brncing, &c., then Ihe sum of tba 1 
liorisoiital elemeulB, iu llm varEous porta of tlie eectiun, is a conatimt quantity tat 
any une loading. From thia property, the line, which in the subsequent piges is 
vailed tbe luic o/preigmva, baa been named, by Mr. W. H. Barlow, the Sae of 
eguai horaonlal Ihruit; it id the resultant of all the presBures acting in the atrue- 
ture, with the exception, when the arch ia a Sed one, of tbe sIrauiB octaaioned, by 
the horliontal tbnut of the arch, in the tie beam. 

" A tied artb of this form is evidently the exlretne of the change of clao Brat 
(figure ■IH) into figure 19 of class lecond. It inighl, indeed, without impropriety, 
ba^'e biH'n included at u varifl.v nF tbe latter elatiii. 



EXTHADOSAL BRACINli. 
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lia^o strains of a medinui character : such is figitn; 49 of 
the second class ; and it is possiblf so to modify that form, 
as to secure a veiy equable distribution of the strains, botli 
in the braces and in the longitudinal raenibers. 

Note. — In the form figure 59, with the lower beam not 

acting as a tie — ^When all the loading ia on, the linn of 

presaurea, of course, corresponds with the lino of tlie aivJi. 

But, when the load is only placed on a space at the ci-owii, 

• the line of pressures resulting is slicwn by the dotted line 

r.in figure 62, Where the line rises above the arch, tlio 

I lower beam, immediately beneath that part, acts negatively 

; and when the line fulls within tlie arch, thu 

•lower beam, at that part of the Span, acts positively, or nit 

I a stmt, conveying part of the comprcssioti to tlio Rimtmont. 

■•^ese observations upon the relation between tlio pOHltioii 

Jof the line of pressures, with regard to tlic arch, and the 

r nature of the pressures induced in the lower Ircuin, apply 

I universally. Figurea G'^ and 64 give an iilca of tlie \mi- 

"tions the line may assume, when half tiie Ictigtli of thu until 

is loaded. 



THE ARCH WITH EXTKKNAI, liUMilSd. 

In this variety (cxemptitierl by fi;(tins OS/ llui lind nl' 
isares for the fiilly loaded arch (Vwn n/A nmsumirllif ludii ■ 
^ dde with the arch; for it itM beeii (h^niwiMttrat^d by Mr, 
W. H. Barlow (in an excellent and valuable |ia{f*ir rt'iul Ml. 
the LC.E,, July 1847, a rei»ort of wbhih b ipvi-n jn thu 
GvO EogineeT and AiduttxtM' Jtmnial, vol. x., \t. 211;, 
that the leal raure of act¥/a u Hmt wlikli j/r'NllWi^H tlu' 
, least borizoQtal tbruM, oamdy tittt eufvn {imrnUih twfu; 
1 nsea to the ud^bonrlvxid i4 itut tsuU'mlim, wiMt U 
e the viiper btain, m A*mti hy tiitt AiAtM liiu<,* 
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IWn.INATION OF THE BliA(,-ES. 



TABLE VI. 



The rw]uiaitc sections* of the braces may be assumed I 
to be proijortioiial with tlic strains, and tlierrfore also with [ 
fc. *, or as i.-ft". The total lengths of the bracings arc I 
eTidcntlyaa ItiA.-BA'. 

Now, the tutal weights of the bracings are to one another 
in the same proportion as the total lengths multiplied by 
the respective sections, or as t6i'<i:8i'xi'=16i':8J" 
= weight of bracing of figure 67 ; weight of bracing of 
figure (j8. Or, as a general rule, tlie weight of a bracing ia . 
[iroportional with 2N, (sec. f)', but N= .^ - ^ ' ^ which is pro- \ 
portiouato to aiiST* Substituting tliis for N, we have tJie | 
wight of the bracmffg proportionate to '^y ^ ichu'A is a m 
KMCTi when t = 45°. 

Though the minimum of weight of I 
bracing ia arrived at, when 6 is niade = 
45*, yet we may vary tliis angle con^ 
eiderably without much increaae of the 
weight, as will be seen from Table VI. 

But when, with 6 = 4:5°, the dis- 
tances between the supported points are ■ 
very vitich too great, the difficulty is not] 
to be overcome by lessening the value I 
of i, but by means of the intermediate l 
props shewn in figure 69, or by using J 
two or more systems or ranges of bracings, T 
as shewn in figures 70, 86, and 87. We \ 
need only make this remark, at present, | 
upon the theory of systems, that as the J 
value of to Is reduced as much as the | 
number of systems is increased, the total I 
weight of the bracing (supposing the section to represent I 

* Of niursp this <s not strictly correct with rcj^rd to coinpressive strains (and J 
lliiirrfPtp t will lie a ver>- liltle'less flinti lii'dwcTjii). But. wliile the nuniL 
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10* 


292.40 


10 


aw.oo 


2U 
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130.55 


30 


115.50 


30 


106.40 


40 


101.56 


45 


1(10.00 


00 


101.55 


50 


106.40 


fW 


115.30 


1 65 


130.53 


1 70 


155.60 


75 


200.00 


|» 


292.40 
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the strength of a brace), remains tlie some as for a single 
system ; but tbe quantity of workmanship will be much 
greater, 

THE DISTANCE BETWEEN THE POINTS OF SL'FPORT. 

In order to determine the proper distance between tbe 
points of support afforded directly by tbe bi-acing, or the 
beat value of s, we require to know, not only the amount of 
W, but also the greatest weight that may, at any time, be 
concentrated within a small length of the span (aa from tliu 
wheel of a locomotive steam-engine) ; let this latter quantity 
be represented by e. The weight e, then, at certain moments 
during its passage over the bridge, will be wholly home by 
one point of support, but that point is only calculated to 
carry w=-^, this must not, therefore, be leas than f., that 
is, N must not be more tlian * ; or '^ = tlie srnallest distance 
allowable between the points of support = /, where _/"=*: 
When the weights and lengths are given in tons and feet 
respectively, /expresses the rate of loading, in ton», per foot 
of span. As an illustrative example, let /'= 1 ton (dead 
■weight test) and e — 7 tons (the pressure Irom an en^iie- 
wheel, allowing for the effect of motion), then the smallcMt 
value of s by fonnula=J^ = 7 feet. 

If, instead of a double system, in large t)tructiin-H, the 
design with props, figure 69, be used, the weight " thut 
may be concentrated at otie point is = 2 i". Hut, ^i^niv 
rally, in this kind of bracing the diKtance l>ctwc4!ii tlni 
points need not be made m short that m will not Ix". ad Kruiit 



^gteiDB remsios tbe mne. Ibe (li*|>vitr wllf nut U iiii|wrl«it. Ami 
of «! increase in the numlKi of ij-dfrnji. ilii; mui;' ilKnlllKiinl orrnl' 
take plsee. Viill be moderated in gitifliu' hv tIk lirwni IwltiK rlvu|l<i, 
treiuiled togeilier at ibe ctomiii;*. 



n.ATv: liRAcist;. 



u Mir jirobablc Kinouiit of •' y and, further, an anurant 4 
will oAcfl be fonnd ut the same time imjto.-fed an eacli o 
hco oonaccuti\'v points ; therefore, the above quality of tin 
|in>p« canttot bv Mdmittcd us of much practical importance. | 

When tfar nnmbcr of sjatcms b considemble, as fi 
Soar to dx or norr. wi.- Iiave the design known as 1 
lattice Bridge, a jwiticular construction of which has b 
pklcated in Atneric* by Mr. Town. 

Let ibe nnniber of syslvma be supposed (o become ex- 
' Bumerous, and tJie braces at the inlersections 
1 lo be nnited (!tee Jhotnvte, page 31), the bracine 
■•r adll Rtain coiuadenble lateral tluckncse ; but, in tbf 
fcli.ili>iliiia1 diiecsiao, eacJt bracv will be exceedingly thiid 
■Haiaug, hwerer, oooaiderablc strength against compre 
■ton, M it is 8ti&»ed. in the direction it mogt requires ii 
Inr being oonatcted at all its crossii^ H-ith the other hm 
Now. if n fiutber iiuajpne the whole bracing to undergo ■ 
hfc i ml eoBtnctioo, and tho parts to become solidified, thjf 
w* » h ii i^ bmciug will ht m il)« form of a sheet or platd 
■Mi wmj bt iqiprofnattly nanwd 



FLATE B&ACtXO. 

B«t it vmU be diffintlt to ddine tbe limits of thn 
I <S bnMUg. In one direidion it includes the~ 
, th« cylindrical tube, and eyen 
1 CMiDot be excepted as varieties of 
• obTii>us MLt«8 of its employment, we 
I dM feklWr ou a casling;, the sides of a bos, 
It** tlupy Hid thr floor, walls, and roof of the 
r t«bl^ of 8tK(ilienaoD and hts coodjators. It is the 
MpK\vvt{ in lUktUK^ and that In all its \-arieties. 
Iw tbc jtbkio mhI sholl fonii, we we it in ihe Wak of a bird, 




1 the bones of the cranium, and in animals with an ex- 
ternal skeleton, as the crah, &c. ; as a, feather strengthening 
a plate, we view it, most conspicuously, in the keel of tlie 
breaat-bone of the falcon tribe, and in the spine of the 
scapula of the land mammalia; and in the form of the 
tube, we witness it universally adapted to the wants of the 
animal and vegetable kingdoms ; — the bones of the ex- 
tremities, the quills of the wing, the humbler grasses, and 
the lofty bamboo, may be cited as familiar examples. We 
shall, however, confine ourselves to the consideration of it 
in its simplest form, and endeavour to compare it with the 
brace or linear method. 

We have observed above, that, to derive the i)late from 
the linear bracing, the lateral width must shrink into the 
thickness of the resulting plate ; consequently it has com- 
paratively little lateral stitfiiess, and would readily warp or 
puckffr wherever the compressive piessures were consider- 
able ; foi-tmiately, however, this can be remedied with a 
moderate addition of material, in the form of featherings, 
and of easy application in the case of the material (malleable 
iron) which would generally be employed for this kind of 
bracing. 

At those parts where the tetwive strains considerably 
predominate, we may expect to find the plate stronger than 
the linear form, from the following considerations: — Let 
figure 71 represent a bracing of numerous series, and let a 
tensive strain act in ab; now the strain is only borne by 
the parts lying in the direction of a I, but when the systems 
become infinite and the whole solid, there ate, as it were, 
two plates — one resulting from the braces lying in one 
direction, and the other from those in the opposite one ; and 
each of these plates serves to bear the strain in a b. And, 
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ilKTIKiDS UF HOIIIZONTAL RltACINO, 



Ibr a ijcrmaticnl structure ; for such, tlie lowiir beams 
be retained periHMidicularl^ beneath the upper ones, whiel 
may be effected, citlier by tlie introduction of bracing 1 
tweeit them, similar to that used lor the upper ones, t 
tlio application of oblique transverse braces, as shown ■ 
figurcH 715 and 77. The first of these methods will be" 
sufficient, without addition, for bridges having moderate 
Hpana compared with their widths ; while the second may 
be trusted to in ;my ease, but, of course, in it tlie horizontal 
bracing employed in the upper part will require to bo of 
double strength, aa it must resist tlie whole pressure of the 
wind. Tne common practice is to employ both of the( 
methods in the same structure, and in long spans, if it d 
not interfere wilh the roadway ; the practice is to be conl 
mended. Figure 77. 

Tlie prindpal recommendation of the Hrat method, wh( 
used alone, Is that it permits of the i-oadway being place 
at the level of the lower beams, which is of the utmost i 
^NJilance in situations where the bridge spans over r 
navigable waters, and sufficient height could not otherwiai 
be given for the passage of carriages or shipping beueatfej 
Further, it requires little expense for parapets, and offeB 
great facilities for the addition of a roof, or even of a seconj 
roadway, along the upper beams. But particular attentloi 
must be paid to cariying up the abutments, so that thq 
may offer sufficient resistance to the outsidea of the upp< 



In the design, figure 38, when the rise of the arch im 
very small, and tlie span moderate, and when the arched 
have a considerable width of section, (which may be ( 
veniontly given to tbem if built up with deals, or constmcfedB 
as tubes with wrought iron, as figures 80 and 144), then am 
single series of horizontal braces along the lower part may;j 



e aufficieiit, and tiic roadway may be on tliat level. (Tliis 
also applies to clasa first, when the depth of the framing is 
amall). But when the structure does not comply with tlie 
alxjve conditions, it will be necessary to have a scrica of 
braces between the archss also ; for, as they are in a highly 
compressed state, a very moderate deviation from a horizon- 
tally straight line might bring about their rupture. But, 
horizontal bracing being introduced between the arches, tho. 
road cannot be carried along the chord level, it must hp, 
raised to the level of the cro^vn of the ai-eh,* and the design 
then becomes that of figure 37, and the roadway will also 
require bracing. 

Most of the other atmctures of clasa third wi!l be seciu'o 
with two lines of horizontal bracings, and of these figures 
35 and 42 admit the roadway at the lower level. But 
when figures 36 and 41 are of considerable span, it will 
be prudent to bestow ttiree series on them. 

In structures belonging to class fourth, each arch will 
i-cqnire to be braced horizontally, and, generally, the road- 
way also. 

WHEN S IS VERY 8HOET. 

Wc have seen, in chapter seventh of the previous part, 
that, theoretically, there is a limit to the diminution of « in 
tlie fabric as it is there supposed to be constructed. The 
conclusion, however, permits of considerable modification in 
practice ; thus, assuming that s is considerably too sliort, 

• Uulesa soma aew arrangement be made in the design ; aa in tlie fnlliiwiiig 
structures.— Figures 78 and 73, wliieh are txamplea of the UM of plote-hraciiiB, 
may be used when the me is not great- 
Figure SI ia an airangemoQt SQitahle tor linear braoinea, nnd there 1» lu«« 
waste in it than wDitld at Brat sight appear. The inaida arehoii are kept perpeli- 
ilieutarly over their chorda hy the transverse braclnat which wi'npiw tlii; ceiilral 
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M m Town's Luttiw Bridge, if we can spread the ] 
of c equally over an extent of the span not leas than 5 or so 
M to reduce the prcsaitrc received by any one of the j 
to to — ^we do away with the danger : to produce thia apre 
ing of e we mtist interpose a very rigid body. 



PLATE BRACINU. 

The forms of bridges to which the plate bracing is ; 
especially adapted, are the tubular and the aegmenta 
Figures 29, 35, 38, &c. 

In the first there is this important source of economy, 
that each aide of the tube is useful in two capacities, first, aa 
the bracing against pressures acting in its plane; and 
second, as a longitudinal member against pressures acting a 
right angles to its face. In the form, figure 35, the sti^iiif 
in the plate are more uniform throughout. 

Ill the tubular form let us conaider, for an instant, i 
action under a load, confining ourselves, for the present, t 
the consideration of the bottom plate ; this is stretched, ; 
it will evidently be more so immediately below the vertical 
brncinge, and rui>ture thereof would commence by the tear- 
ing of the edges. 'Die same quantity of material collected 
into tie-beams, and attached to tlie bottoms of the vertical 
bracings, would offer a greater resistance, but then, on the^ 
other hand, an additional horizontal bracing would becom 
necessary : similar reasoning applies, and with greater force 
j^Bcea or bracia, Ihroiighont aa great a length at tlie oniwne as can he per 
reUiln Iho putpr arohts parallel with tho inner ones ; in Ihia design tile rii 
neecJjsurily bo conBidcraWo. 

Figurw 83, M, anil Bl, show rarieties of another arrangcoiBDt, it is a cor 
of tho first and third cladses. The arch has the roadway snspended from It 
iron rwU, and, in M, it is BlJffaned by aeparau braeed framea, placed one 
flllior lide ot it, bolts are pBBsed through the whole wlierevcr the arch c 
■ iiarlof the frames ; llip rise is made snfflcient for the roadwny lu tuss (« 
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' i<P?" I 



.TE liltAClNn. 



to the top plate ; and ou tbc determination of wliicU of these 
nrrangemeuts ia tlie moat economical, depends, in a great 
measure, the question of the respective mciits, for this case, 
of the plate and linear bracings when constructed of wrought- 
iron: tor other materials the plate form of bracing is not 
suited.* 

Tlie want of uniformity between the strains at the edges 
and those at the middle line of the plate, when it acts as a 
longitudinal member, may be obviated by giving it a slight 
convexity outwards, as in figure 85- This may be dono to 
the top and bottom plates, as, though it weakens them as 
bracings, sufficient strenglli, as such, will remain to coun- 
teract any lateral disturbing inHueitces. But this must bu 
looked upon mtber as a refinement in theory than a practical 
improvement. 

In the form of figure 38, the plate-bracing may bo 
modified so as to give lateral stability to the arch ; this ia 
shewn more particularly in the design figure 78, wherein 
the plate is double ; the deep featherings in figure 79 aw 
designed to effect the same object. 

The featherings alluded to at page 33, may be arranged 
on two plans; — first, in perpendicular pieces, aa in the Britan- 
nia tubes, and, second, radiating from each pier aa do the 
lines of compression in figure 72 ; in this last arrangomonl 
they require to be of larger section to be equally eftwitive, 
but besides stiSening the plate thoy carry a portion of tliu 
compressions to the piers. Perhaps, from various coimidiM'ii- 
tions, a combination of the two plans would bn the \m»1, Ihii 
featherings being applied hi tht: one manner to tliu iimido^ 
and in the other way to the outside of the platu. 

■ CasC-irun may, bdtied, be uinl tut plato-brucliiK | »m, iliii'D llmt hirm nt 
Imdng demsnda oiinpsniUvely Jiule loutlvs itrmiirtli 111 llui tM«l»ri*l, iinilwlil]' 



UHATTER li. 

ON TUK CttNSTBUCTION AND APPLICATIOIs 
flF THE BRACES. 

\Vhe!( till- linicing is poly-systemed, ihe braces may I 
aiTUigi^ oil rlitfenuit plans; tliua — All the braces of t 
name BTiihMn. us sliowu by figure 86, may be in the f 
pl«n«, ftixl llic i^ysleins so near that the braces touch, ii< 
or Imlw into ono another at the crossings. Or, as Bcen i 
rifcurc S7, all Uie liraces lying iu tlte same direction may I 
m ttwr Mime plane, and tliosc inclmed the contrary way, ii 

In thiMgnin}; th« joints of the braces, the following a 
KorX'Mttou on tlt« Action of the bracing is of such great i] 
)xt«i«iiKCv tltAt, though indicated in tlie previous part, 
«f[*in yW* )1 \»(\we llio reader. That part of a presaui 
ill » bivots vthK-h tA rp»>lvHhle at right-angles to the li 
tthtitMl umnWT, is when that member is straight, wkoUy 
IwiwH'nvit h> tho l^Ulor bp«c« ; and when the longitudinal 
U«*i« (* vitnv«l, th« part traiutcnvd is slightly diminished 
*W' lwv•^^**"■•^l, •v\\M>U«|i «.t Uw cur\-Rtupc is concave or convex 
Ktuwtvlii \\w \v*Kv» ; whv-u U)0 longitudinal Is compressed ; 
i*w»l whwv \\ i« rtroh'insl, tlw ivvtusc is tlie case. And tJ 
«vwl.V |>W»»«m* ivMHUtt^t "I thr lonptudinRl is in the dire 

\y f%tm «vyMilh^ liHlr i<r HO trwi.— Bmccs of thi 
\'>kw«^Vt Wv'hU, n\>l«'Milly, he Hsoil in lliosc situutiona only^ 
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where iron-work might be difficult to procure. The simplcBt 
kind of jointing for them is that by means of trenails, as in 
figure 8H, or by dovetail nofehing, as in figures 89 and 90. 
These methods are very suitable when the braces are thin, 
or plank-ahaped, as in Town's Lattice Bridge. But when a 
brace is liable to undergo great compression, its section 
should be nearly square or circular. For braces of a stouter 
character, the figures 92 to 95 illustrate methods of jointing, 
adapted to a longitudinal member constructed in a similar 
way to that shewn by figure 95. Modifications of these 
joints might be easily constracted, capable of correcting the 
length of the brace ; but such a property is unnecessary, as 
there is no difficulty in the way of preparing the braces 
witli the ret^uisite accuracy. 

2. Those jointed wilfi iron. — The most appropriate way 
of applying lermtght iron is in the form of straps, of which 
^.aeveral varieties are shewn by figures 96 to 101. But gen- 
rally, the method, illustrated by the succeeding figures 102 
of jointing the braces by means of CAST-IRON 
JOCKETS, is recommended by the author. These sockets are 
if two kinds, the first, including figures 102 to 109, requires 
e end of the brace to be of a dovetail shape ; the second, 
1 by figures 110 to 117, to be aquare-l leaded. The 
s best suited to braces formed of a wood that is easily 
plit, the second for those of a tougher material. 

The disadvantages attending the braces with the dove- 
•-tail joints are, — that they require stronger sockets in order 
resist their wedge action ; and that they might be sensi- 
■ lengthened by the compressibility of the dovetails ai- 
ring the ends to draw a little, unless they be wedged 
f tightly in, whicli would increase the former evil. 
e only remark, since the subject is so fully illustrated 
f figures, tliat it is necessary t(i make upon the construe- 
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On llie subject of flic respective merits of cast and 
wrought iron as the material of the bracing, the only general 
remark we shall make is, that for very long braces the 
former, and for very short ones, the latter kind of" iron, is to 
be preferred.* 



CHATTER III. 

ON THE CONSTRUCTION OF OTHER PARTS OF BRIDOESI. 



As the contents of this chapter are in a great n 

erogatory, the raeagreneaa of the account of such important 

Biibjccta needs no apology. 



WOODEN STKUCTIIEEa. 

T/ie longitudinal members. — When these ore too long, or 
too much curved to be formed of one piece, the best con- 
struction is to build them np with plants, iising compara- 
tively thin ones when the part ia to act as a tie, or is an arch 
of moderate radius, and thicker planks or deals when the 
part is straight and only subject to compression. In the 
latter case, care must be taken to bring tbe butting ends 
into forcible contact ; indeed, it might even be advisable to 
place in the joints, thin wedges of hard wood or iron, which 
could, when needful, be tightened up to the proper degree- 
But, in arches formed ottAin planks, if care be taken in the 
construction, tbe wedges may be dispensed with ; the pur- 

' Wrought-iroii insy, hoUBTer, be very properly employed for greM lengths, 
if furmed into tubes, nr othonvise liraccil, MpecUUy when lighliuae Is s cotuidcrti- 



pose will be effected, in a great measure, by the gi'eat fric- 
tion, and this may be fttrther increased by coating the planks 
witli a hot mixture of pitch and tar, or by placing in all the 
joints a layer of strong brown paper dipi>ed in boiling tar 
(as used by Messrs. J. and B. Green in their laminated 
timber ai'ches) ; but the most important benefit ai'ising from 
this ti-eatment is its preservative effect by the exclusion of 
moisture.* The friction here mentioned is also of great im- 
portance from its stiffening effect, rendering the arch, when 
sufficient, equivalent to one of whole timber : it primarily 
depends upon the compreBsiou indnced by the screw-bolts, 
straps, &c., that act upon the arch in the direction of its ra^ 
dius ; these, therefore, should be numerous and well tightened 
up : when brace-sockets are employed, the bolts connecting 
them with the arch contribute to this end, and, of course, 
effect a eoiTesponding saving ; these bolts, with the addition 
of screw-bolts, such as shown in figures 138 to 140, would 
constitute a good arrangement. Trenailing forms a cheap 
additional means of stiffeuing the arch, but renders the 
removal of a plank, in the event of its becoming decayed, 
an almost impossible operation. 

Figures 141 and 142 show an American method of 
drawing the planks together : by the use of these dovetail- 
gibs and wedges, and trenails, a stout arch may be formed 
without the aid of iron. 

For the case of figure 38, the arch should have a broad 
section, and then it might be expedient to tise more than 
one system of braces ; a section of such an arrangement as 
is meant is shown by figure 144 (see also footnote, page 40). 

The SPRiNtiiNO of a tied arch is a part that demands 
great attention. The most perfect arrangement is that 
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wliicK ilietributcH the tlmwt of the arch cciually over the 
section of the tie. Hence, the method of figure 146 ia per- 
haps the best for an arch and tie of the nature shown : each 
of tlie iron steps is fixed to its plank of the tie by nmnerous 
acrew-nails. Figures 148 and 149 are methods for the case 
of a laminated arch witli ii tie beam of a brnad and thin 
section. 

IRON STRUCTUBEB. 

The lower beam should be constructed of wrought iron ; 
the upper one may be of either kind, and, generally speak- 
ing, the tubular will be the best form that can be given to 
it, for which form, wrought iron, as a material, is perhaps 
the more preferable j but it is the more difficult of the two 
to manage when the member is of the arched form, as the 
whole must be put together on the ground and thence 
raised with powerful tackle, or the rivetting must be per- 
formed, with great ineonvenienee, on the centring. 

The springing of a tied wrought-iron arch may be 
fonned, as shown in figure 150, by surrounding the end 
with strong angle iron, which is then rivetted to the flat 
end of the tie ; or by inserting the foot of the arch into a 
casthiron socket, as is done with the woodon one in figure 
148. A cast-iron arch may have its terminal pieces formed, 
as in figure 1,'jl, witli solid expanded soles, bolted down to 
the tie. 

For untied arches a common cast-iron socket, with its 
bearing against the abutment expanded and normal to the 
arch, will generally be sufficient. 
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CHAPTER IV. 



SUPPLEMENTARY. 



It is not here intended to inetitute a comparison of the 
merits of the Tarious designs, as that would demand a very- 
large apace, depending bo much as the escellence of a 
etmcture does, upon its adaptation to the particular com- 
bination of the requireraenta and circumstancea of situation, 
in which it may be aaeumed to be placed ; such an extended 
inqniry would be more appropriate to a Treatise on Bridges. 
But we shall recapitulate a little, aud add anything that 
may suggest itself as closely connected with the subject of 
the work, but which came not conveniently under any of 
the foregoing heads. 



Though the first class may be surpassed in strength by 
those wherein die arcli Is used, it possesses many advan- 
tages in other respects ; foremost of these is its simplicity 
offering easy construction : there is great uniformity of parts, 
which, especially when cast-iron is employed, may be a 
source of economy : it admits of a roadway at either level, 
without intei-fering with the horizontal bracings, of which 
only two series are necessary : it exerts no horizontal thrust : 
and, as practised by Mr. Stephenson, with the tubular 
bridges, it may be put together at some convenient spot, and 
thence removed in a nearly complete state to its permanent 
site : or if erected there only a very simple and inexpensive 
scaffolding will be neceasarj'. 

The form, of which figure 152 is a transverse section, 
may be considered as a variety of the first class; in it the 



maiu braces require to be longer : tbe horizoutal braeea are 
also neceaaarily longer, but this renders them more power- 
fill: it8 advantages are, that by concentrating the uppei' 
beams into one, their joint strength against compression 
will be increased ; that one series of horizontal braees is 
sufficient, and that it may be roofed in at very little 
expense. 

Speaking generally, the internally braced arches are 
superior in strength to those with external bracing : the ad- 
vantage attends the deepening of the bracing towards the 
mid-span. 

When a structure of class fourth has the arches parallel, 
it may possess the recommendation, when cast-iron is era- 
ployed for the bracing, of uniformity of the castings. 

The method of connecting the braces to the main beams 
by means of trenailing, may appear very rude, but it is 
capable of producing considerable strength ; and, as it may 
in some situations be a convenient one, the reader is refeiTed, 
if unacquainted with better data, to a table of the strengths 
of trenails, given in the last edition of the Encyclopaedia 
Britannica, art. " Shipbuilding." 

We are not aware of any satisfiicf ory experiments having 
been made to detennine that strength of timber which arises 
from the resistance to severance by the sliding longitudi- 
nally of a part of the material, upon which primarily de- 
pends the strength of the socketed wooden braces against 
a tensive strain. This strength or resistance to severance 
will be increased in the dovetail form by the lateral com- 
pression, but it may be lessened in the square-headed 
variety, if care be not taken to obviate any splitting action, 
that is, any force acting so as to wi-ench the fibres separate. 

The following obsen-ations are made in order to shew 
the applicability of the formulse to the forms of bracing 
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n figures 15, 16 or 17, aud 18. In figure 15, if a 
weight be placed at c, tlie portion of it whicL must be im- 
|M)sed on the pier to the left side will not influence cb or ba, 
a» ha cannot act the part of a tie ; it ia therefore conveyed 
by cd, da, &c.; and through these parts would, in like 
manner, pass the strains arising from all the weights placed 
to the right of c, which would ultimately arrive at the pier 
to the left side. When all auch weights are alone on, the 
strains mod and da are maxinia. A similar course woul'! 
lie pursued by the strains in the bracing of figure 21. The 
effect of the portion of the weight at c, which is to be sup- 
ported by the pier to the right, must flow through the strut, 
aud not through c h. Thus it is readily seen by what load- 
ing the strain in a part is rendered a maximum, and also 
the formula by whicli its amount will be given, after sub- 
etituting tlie proper values for the symbols. 

The bracing must be continued throughout the length 
of the structure : thifl will be clearly seen by inspecting 
(igores 153 and 154, which shew changes that may take 
place when only a part is braced. 

An arch may be employed without having the bi-acing 
arranged along its intrados or extrados ; it may be stiffened 
by being connected with a braced structure of class first. 
Figures 82, 83, 84, 155, and 156, are illustrative of this 
compound arrangement. In the arch, the radius of curva- 
ture may be made to diminish more rapidly in approaching 
tlie crown than if the curve were a parabola, as it is princi- 
pally required to aid the class-first portion at the mid-span. 
Tlie maximum strains in the parts of the class-first portion 
will be very much reduced by the addition of the arch. 
Figure 156 is a good design for very large structures, aa il 
permits of the roadway being at the lower level, and, as then 
the horizontal bracing between the upper beams would be 



uufficieotly high : the ai-ch aud tach of thi? stmight longitu- 
dinals will require horizontal bracing. 

In class &^t a saving of half the scantling at the eeiitre 
of the main lieama might be effected, if a pressure of exactly 
^". were made to act tensively at <^ach end of the upper 
beam, and comipreasively at the ends of the lower one ; for 
then one-half of the load would be borne up on the prin- 
ciple of the girder supported at both ends, while the other 
hall' would be upheld on the principle of a projecting beam 
fixed at one end and unsupported at the other. The strains 
in the longitudinala would be aubject to a peculiar arrange- 
ment. Their maxima would occtu- at the mid-span and at 
the exti'emities, and would be = lio; or half what would 
otherwise take place at the centres, and the strains at the 
extremities would be tensive should that at the centre be 
compressive, and vice versa ; and at the points midway be- 
tween tlie mid-span and the extremities, where the strains 
change their character, the longitudinals would of course be 
tree from all action. Advantage ia taken, to some extent, 
of this compound action in the Britannia Bridge, by the 
method pursued in uniting the tubes over the central pier or 
tower. 

The following observations are an extension of a prin- 
ciple employed in the latter part of Chapter V., Part First. 
Let figure 64J represent a portion of a voussoired arch, now, 
if the line of pressures, from uot being capable of conform- 
ing to the cui-vc of the ai-cli, rise above it at a, as shewn 
by the dotted line, the joint a b will open at h. But let us 
suppose the joint at A to become solid, or that it is made 
good there by means of bolting, the line may then rise 
above a or any joint sufficiently united at its lower ]H)int; 
and might also sink below a part of the arch, were the 
upper points of the joints tieii. Tiiis is lhe transition eon- 
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dition between an arch and a girder action : it is that in 
which a cast-iron (or other continuous rigid) arch may be 
placed, by an uneven loading too severe for its depth of sec- 
tion. When strengthened by bracing, the joints cannot 
open, as the voussoirs are then prevented changing their 
proper radial directions. 

The strains in the several parts of figure 31, will be 
exactly the same in amount, but of opposite character, with 
those in the corresponding parts of figure 38. And gene- 
rally, whatever has been said with regard to the comport- 
ment of the line oi pressures in the braced erect arch, applies, 
in a reversed state, to the curve or line of tensions in the 
braced inverted arch, or rigid suspension bridge. 

And here the writer would almost be induced to specu- 
late upon the possible extent to which bracing might be 
employed, imagining structures wherein each brace would 
offer in itself no contemptible example of braced construc- 
tion, but he restrains himself, deeming the opportunity ob- 
jectionable for such suggestions. 



pliice ; it' none did, tlie circumstance may be explained bjs 
the peculiar conatruction of the " girder." The lower longi- - 
tudiiial paii, which was composed of wrought-iron chain- 
work, though it could not give aid in supporting the point 
m, while it continued quite horizontal, offered, after the 
failure, sufficient to uphold the wreck — and the t 
braces of what remained a3 a "girder" proved sufficient fi 
ihe diminished loud and span. 

The writer of the article suggests that the accident! 
would have been averted if the lower longitudinal part h 
been of cast-iron, and all cast in one piece. The longitn-j 
dinals require very great strength at the mid-span, coi 
quently, if of cast-iron, the lower one would demand a v 
large section there to resist the great tensive strain. 
let it not be supposed that I approve of the mixture of cast ( 
and wrought iron as managed here. The danger of the ' 
combination lies in this: — That the elasticity of the wrought- 
iron tie may be so great as to allow the points (sayj and k, 
figure 47) of the braced elements to separate fiirther than 
the elasticity of the upper cast-iron longitudinal can permit 
without fractiu'e (at point 4). If, however, the upper longi- 
tudinal membei- be jointed at each of the points, 2, 3, 4, 5, j 
lie, the latter danger will be provided against. 
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